Background: Melanoma incidence has been correlated strongly and positively with both socioeconomic status (SES) and lower latitude and other measures of ambient UV radiation (UVR). However, because high-SES populations may be colocated in areas of high UVR, we assessed their joint influences on melanoma occurrence to better target subpopulations for melanoma education and screening.
Background
Melanoma represents a substantial and growing component of the cancer burden in light-skinned populations worldwide (1) . Among the non-Hispanic white population of the United States over the past two decades, melanoma incidence has increased by more than 3% per year (2) . At both the individual and population levels, an important predictor of melanoma risk is socioeconomic status (SES; refs. [3] [4] [5] [6] . Among U.S. whites, melanoma incidence rates are at least twice as high among persons with college educations or high household incomes compared with those in the lowest categories of education or income (7, 8) .
Several factors may mediate the positive association of SES with melanoma occurrence. At the individual level, higher SES correlates with behaviors related to exposure to UV radiation (UVR), specifically lifetime number of sunburns, increased tanning bed use, and intermittent exposure to high levels of UVR during vacations to sunny areas (3) . In a large cohort of Norwegian women, associations of melanoma risk with educational status were explained completely by lifetime number of sunburns as well as latitude of residence (9) . However, at the neighborhood level, it is unclear whether UVR explains the association with SES, especially because higher SES neighborhoods are often colocated in areas with higher average annual UVR, including waterfront or coastal areas. To our knowledge, no prior studies have assessed the separate contributions to melanoma incidence of neighborhood measures of SES and UVR, perhaps because they lacked the large size and adequate heterogeneity with respect to both SES and latitude.
Disentangling the influences of SES and UVR will help to better target geographically defined subpopulations for melanoma screening or sun safety intervention. To quantify the joint influences of these factors on melanoma incidence rates, we took advantage of a large and unselected series of non-Hispanic white melanoma patients in California. This population is remarkable for its size, heterogeneity with respect to SES and UVR, and for having among the highest melanoma incidence rates reported worldwide (10).
Materials and Methods
We obtained from the California Cancer Registry, the population-based cancer registry for the state of California, data regarding all 23,564 incident cases of malignant cutaneous melanoma (International Classification of Disease for Oncology, Third Edition, topography codes C44.0 through C44.9; histology codes 8720-8790) diagnosed between January 1, 1998, and December 31, 2002, among non-Hispanic white males and females residing in California at the time of diagnosis. We limited our analyses to the pericensal diagnostic period 1998 to 2002 because the denominators needed to calculate censustract level cancer rates were available only for decennial census years. The vast majority of these cases were reported by a hospital or physician with only 46 patients (0.2%) reported by death certificates only. Demographic and tumor information for each newly diagnosed melanoma case was abstracted directly from medical records (11) . Population denominator estimates were based on 2000 U.S. Census data for census tracts of residence as described below.
Neighborhood-level SES
Individual-level patient SES characteristics (e.g., education, income, occupation) are not collected routinely by most U.S. cancer registries, including the California Cancer Registry. However, because residence is collected and routinely geocoded, SES characteristics of the geographic region in which the patient resided at the time of diagnosis can be obtained from the U.S. Census Bureau. For the 2000 Census, the smallest geographic unit with both SES information and the detailed, race-specific population counts needed to calculate cancer incidence rates was the census tract, an area containing on average 4,000 residents. Instead of relying on a single measure of SES, we used a multifactorial socioeconomic index developed by Yost et al. used previously to show substantial socioeconomic gradients in breast cancer incidence (12) and Hodgkin's lymphoma (13) . This method used principal components analysis to develop a single index from seven census indicator variables of SES (education index, median household income, percent living 200% below poverty level, percent blue-collar workers, percent older than 16 years in workforce without job, median rent, and median house value) and thus incorporates information about cost of living, which varies within California. Using this index, we assigned a standardized score to each census tract in California in 2000. Individuals for whom tract group of residence at diagnosis was unknown or the residence could not be adequately assigned to a census block group (n = 1,307, 5.5%) were randomly allocated to a tract within the same county. These cases did not differ significantly from patients with known tract group by UVR, age, or sex. Standardized scores assigned to each census tract were ranked and categorized into quintiles (1 = lowest, 5 = highest).
Ambient UVR exposure
We calculated average annual ambient UVR exposure according to the census tract of residence at diagnosis of melanoma by using previously described methods (14) . Briefly, we derived 1 km 2 ground surface-level UVR values using spatial smoothing techniques for data from 215 UVR measurement stations throughout the United States, adjusted for local climate and terrain features.
The resulting surface of ground-level UV for California was intersected with the census tract centroids for all census tracts in California to provide a measure of potential residential average annual UVR exposure (measured in Watt-hours per meter squared, W-h/m 2 ). UVR could not be calculated for the 2.2% of patients (n = 509) who resided where the boundary of the continuous UVR surface and the discrete census tract boundary did not overlap (e.g., state border). This objective measurement approach for UVR exposure has been previously shown to correlate with melanoma incidence rates (14) . Census tracts were ranked by UVR and categorized to represent relatively equal quartiles of the total California population.
SES quintile and UVR quartile data were also mapped to visualize geographic distributions.
Statistical analysis
We used SEER*Stat version 6.5.1 (National Cancer Institute, Bethesda, MD) to calculate age-adjusted (2000 population standard) melanoma incidence rates and the corresponding 95% confidence intervals (95% CI) by SES quintile and UVR quartile. To separate the influences on melanoma incidence rates of neighborhood SES and UVR, we stratified age-adjusted incidence rates jointly by these characteristics. To formally test associations of SES and UVR with incidence rates in each group of interest, we used Poisson regression, performed in SAS PROC GENMOD, to calculate incidence rate ratios (IRR) across SES and UVR categories and to evaluate the goodness of fit.
The Poisson distribution was used to model the distribution of cell counts collected from the California Cancer Registry in a multiway contingency table. In the regression model, the outcome is number of patients with a new diagnosis of invasive melanoma during 1998 to 2002. Using the 2000 census population for the state, an offset was included in the model based on the natural log of the population, serving to normalize the fitted cell means to a per-person-at-risk basis. To correct for moderate overdispersion, the model included a dispersion parameter estimated by the ratio of the square root of model deviance to its associated degrees of freedom, replacing the model's log-likelihood function with a quasilikelihood function. The data met all model assumptions. Confidence intervals and P values for IRR estimates were calculated using a two-sided test. Comparisons were considered statistically significant if the corresponding Wald χ 2 P value was below the α level of 0.05. Table 1 shows the characteristics of the 23,564 melanoma patients ultimately included in analyses. More than 60% of melanoma patients were males, and males were slightly older at diagnosis (mean age at diagnosis 61 years) than females (mean age at diagnosis 56 years).
Results
Age-adjusted incidence rates of melanoma were calculated jointly by neighborhood SES and average annual UVR (Tables 2 and 3 ). The highest rates of melanoma observed were among males living in the highest 20% of neighborhoods ranked by SES (more than 45 cases per 100,000), 2.5 times higher than for the lowest rates observed among females living in the lowest 40% of neighborhoods. Notably, incidence rates were higher in the top quintile of neighborhoods ranked by SES than the top quartile ranked by UVR. Incidence rates did not vary according to UVR among males or females living in the lowest 60% of neighborhoods ranked by SES. Figure 1A shows the distribution of SES in California, showing higher concentrations of higher SES quintiles in the coastal Bay Area and Orange County regions. Figure 1B shows the wide distribution of UVR in California, showing the generally inverse association of latitude with UVR.
To rule out a possibly confounding influence of age, we used multivariate Poisson regression to assess differences in IRR among groups. We observed increasing incidence rates with increasing quintile of neighborhood SES (Table 2) . UVR remained significantly and positively associated with incidence among higher-SES populations, suggesting that socioeconomic gradients in melanoma incidence are not explained entirely by collocation of higher SES neighborhoods in regions of high UVR (Tables 3 and 4) . Table 5 shows that adding an interaction term for UVR and SES to the Poisson regression model confirmed a statistically significant interaction. Melanoma incidence rates were significantly higher in the higher-UVR categories for the high-SES group only compared with the first UVR quartile and low-SES group. For the highest SES quintile, IRRs across increasing quartiles of UVR were essentially the same: 1.61 (95% CI, 1.06-2.43), 1.59 (95% CI, 1.05-2.41), and 1.60 (95% CI, 1.02-2.51), respectively.
Discussion
Our current understanding of melanoma etiology implicates two major risk factors for melanoma: genetic predisposition and history of exposure to UVR (15) (16) (17) (18) . Behaviors related to UVR exposure, including age-specific history of sun exposure, sunburns, and use of tanning salons have been repeatedly associated with melanoma risk, as have markers of environmental UVR, including lower latitude and higher elevation. Many of these UVR exposure behaviors have been associated with educational status and other measures of SES. Our study was able to use a large, representative series of melanoma cases enhanced with neighborhood-level information regarding SES and UVR to measure the combined influence of SES and UVR on melanoma occurrence patterns. Our results showed that persons living in the highest SES quintile *UVR and SES measured at census tract of residence at the time of cancer diagnosis. † IRR obtained through a quasi-likelihood function (a log-likelihood function divided by a dispersion parameter). ‡ P ≤ 0.05.
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Cancer Epidemiol Biomarkers Prev; 19(11) November 2010 www.aacrjournals.orghad a nearly 50% higher rate of invasive melanoma compared with the lowest quintile (after adjustment for sex and age), a finding similar to those calculated using individual-level measure of SES (7, 8, 19) , which suggested at least 2-fold increases in risk. We observed that melanoma incidence rates were more strongly associated with neighborhood SES than UVR, but that UVR remained significantly and positively associated with incidence among higher-SES neighborhoods, suggesting that socioeconomic gradients in melanoma incidence are not explained entirely by UVR. These observations underscore the true interactive effect of SES and UVR on melanoma incidence.
Higher-SES neighborhoods may include more persons with access to recreational (i.e., sun vacation) UVR exposure typically involving short-term, high-intensity exposure, which has been strongly associated with melanoma development. Persons living in high-SES neighborhoods may have more time to participate in outdoor leisure activities such as gardening or sports (20) , may travel more frequently to high-altitude or low-latitude vacation destinations where UVR exposure is greater (21) , or may have cultural preferences for tanned skin (22) (23) (24) . This pattern of intermittent sun exposure may be different than those for persons living in low-and middle-SES neighborhoods who may have more consistent, cumulative UVR exposure without the vacationrelated intense bursts of exposure. Regardless of the etiologic pathways explaining our observations, our findings squarely target geographic areas of high SES and annual UVR as a high-risk population for melanoma who should be targeted for cancer prevention outreach and education.
We consider it unlikely that geographic differences in melanoma reporting or screening practices explain these patterns. Our prior studies of melanoma incidence trends over time in California confirmed doublings of rates in all neighborhood SES groups between 1988 to 1992 and 1998 to 2002, implying change independent of access to care (2) . Evidence of increased underreporting (25) (26) (27) (28) or delayed reporting (29) of melanoma to cancer registries over time is unlikely to explain our findings because there is no indication that that physician reporting of melanoma differs according to SES (25) , and it is unlikely to be related to ambient UVR levels.
We used area-level SES and UVR measures because individual-level information regarding education, income, skin sensitivity, skin type, or specific sun exposure history are generally not collected by population-based cancer registries in the United States. Our area-level average annual UVR measure does not capture specific sun exposure history, including history of sunburn or intermittent exposure to intense UV, both of which have been associated previously with melanoma risk as well as with SES. Our use of area-level measures may have introduced the ecological fallacy whereby group-level effects are not necessarily comparable with those calculated from individual-level information. If individual-level information were available, we could have examined separately the individual-and area-level effects of SES and UVR to better understand the contextual effects of neighborhood characteristics above and beyond those conferred by individual-level characteristics. For example, there may be cultural preferences for tanned skin or for participating in outdoor or indoor tanning activities in neighborhoods with high SES and UVR. Regardless, to minimize heterogeneity within area-level categories, we used the smallest geographic designation for which cancer incidence rates could be calculated (the census tract). Our observed area-level SES effects are generally consistent with studies that were able to calculate incidence rates using individual-level information regarding education and SES, and are also consistent with the suggestion that area-level effects may underestimate individual-level effects (30) (31) (32) (33) .
A related limitation involves our use of address at residence at the time of diagnosis for assignment of area-level SES and UVR. In general, cancer registries do not collect information regarding duration of residence at this address or any residential history information; thus, average annual UVR at place of diagnosis may not necessarily correlate with exposure in earlier life, which may be most relevant to melanoma development (34) (35) (36) . We also were unable to analyze time trends in melanoma incidence by UVR exposure because National Oceanic and Atmospheric Association-derived measures were only reliable for more recent time periods. As our analysis was limited to nonHispanic whites in California, our findings may not be generalizable to other races or ethnicities, especially those with different skin types.
The rapid increase in melanoma occurrence over the past 50 years underscores the importance of characterizing high-risk populations for meaningful public health intervention. Our results underscore the importance of targeting cancer prevention and early detection educational efforts to high-SES groups who additionally live in areas of high ambient UVR exposure. Our analysis also reflected the inadequacy of models that included only the individual effects of SES or UVR on melanoma incidence. These results highlight the importance of incorporating both individual and contextual measures of both SES and UVR in future melanoma studies.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.
